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L. INTRODUCTION

Trwo surveys were conducted ]in San ('cmemrte Basin by the RNV Point Suir to measure

the structure of ocean currents and temperature. 'The first cruise took place during 17-21

- .Jlv 1989 and the second (luring 2-6 September 1989. The ocean currents ivere nmeasured

by a shipboard Acoustic D~oppler Current Profiler (AW)C) and the temiperaitutre was

measured by eXpendable Bathy'iherrnograph (XBT). Presented in this report ;ire veloc-

it y and temperature data collected from ATI and XBT (luring thewe 1\o rtiis es. I[he

XBT was use(] only doing the second cruise. In this report. we Focw iSn the wcond(

cruise in which thle AI I d~' F(ata can be combined in some (deta il.

Tik report consists- of' Six sectionls. Section two discusses the dtaproccessing and

calibration. Section three contains ship tracks for the study area oil Sain ( lemente I,-

land, the locations, where MIBTs were launched. vertically averaged currents for different

layers, and twenty current profiles. Section four includes, sections of onshore and

alongshore currents, as well as sections of'standard deviation of onshore anid alongshore

current comrponenits. Section Five consists of 74 profiles of tempera'ture aid thle tem)-

perature gradient microst mctnrc Onl the S', 9'C and i mu' isotherm. I hc t111:1I sect ion

(jiscuSCS thle flow pat tern III San C'lemnente Basin and possible causes oif ios'flow pat-

terns. This project w~as sponsored by the Naval Enigineering Syvstenis ( olwn-ii.



11. FIELD PROGRAM

1). Observations during the first cruise (SCBE 1)

The.R/V Point Stir decparted Moss Landing on the morning (1000 I [ of I T I ilv 1989.

The course Followed during tile steati to thce study area is shown inI I iiziire I [ a (320

52.8' N 1190 09.2' W). 1) (33'~ 06.3' N I I S' 54.2' W). c (32' 35.2' \ 11 S' 46,.7 W), d

(320 48.8' N 19-0 31.8' W').] The track was (designedi to mininiv/e (fltlvs( chinges while

allowing the ship to remain in water shallower than 400 m (thle depth mn cc of thle

A I)(P). "[his allowed for cuirrent observa tions; through the entire X':I tcl "-i fumt during

the transit dlown the coast. Ship s;peed to thle study area was appvo\ilml clx W( kints.

The ship arrived at thle northwest corner of the study' area onl I 8u .1tl it I())( 71 , I . Ship

pedwas redluced to approximately 5 knots to increase spatial resolution fVi lhe A M)'P

The course followed in the stud~v area con-is tedl of 8 transects and ;I cuip-i course

(Figure 1 ).

Following completion of' the gridl. the ship Increa sed speed to 1 it n IM tit ctanled

back to Moss, I andi ng. The ship arrived in Moss I a nding at 221~0 I F onl ' I It lix 198Q.

2). Observations during the second cruise (S('BF 11)

D~uring the secondl cruise. dip's speed wxas increasedl to appronxitwill 1) kimol while in

thle sttudlx area thus allowing thle gridl to hie comirleted twice.

The ship departed M or5,. I an(Iing onl thle morning of 2 Septemhei. 1 9Y) ;ot 1700 V .

The track followed I,, thle stuidy area wx the same as the first crise m) I - )IIxI\ 1989.

X Bis were dropped cev two hours; starting ait 2000 1.'oi the \ :i\ to tw hi' siI v ca.

The ship arrived at thle northwest corner of thle sluidY area on 3 Sept embet ;t ".10 1 'T.

The course [oillowedl (Iiri-ng thle firs t pass over the -tudYl areai cowtisstI -W'jht trlwiiscts

2



(Figure 3). The transects were made in a northwest to southeas directiown, back and

forth. The eight transects were finished at 2330 1 T on September 4.

The frequency ofXTI drops was increased to one per hour in the om dk area. The

station numbers and positions of XBTs dropped during the first pass of the grid are

shown in Figure 3.

The second pass over the study area consisted of eight transects oriented perpendicular

to those of the first pass. During this pass the ship speed was reduced to 7, knots al-

lowing slightly better spatial resolution of AI)(CP data as compared to the It t pa s- The

time needed to complete each transect was increased to about 4 hnttr-s

Position and station numer of XBT deployment during the second of, rd the grid are

shown in Figure 5. Iransect eight of the second grid was completed at 0(.-10 1 on 6

September.

Following the completion of two passes, the ship increased speed to I0 knotz and

steamed for Santa Barbara, arriving at about 2000 17T on September 6.

3



Il1. DA TA PROCESSING

1). Raw data processing

The ADCP data were processecd 1w Paul .lessen of the NPS Occanovrapliv\ Department.

The first step Is thle correction of navigation data. "Bad" navigation dat;i ;ire replaced

with values linearly Interpolated From the preceding and Following 'Vood dii;,. F rom the

corrected navigation data, the ship velocity is calculated. The second step In processing

the data is the initial determina tion of the depth (bin number) 1n which ii" di of each

ensemble remains reliable. If' the percent of' good returns drop.s belowv '-,.;I all eepcr

data are diropped.

After the first and secondl ;teps a reference layer five binl, wide (61-7,1\ n1 'a chlosen.

The choice of a reference Lave r depth is some what arbitrary, butl appears, 1- havec little

affect on the final calculated water velocities. Subtracting the Oiys '~eo\From thle

average velocity within thie chosen reference layer y-ields an absolte rcferiren laxer ye-

locitv for each ensemblec. [he series of absolute reference velocity wasv filtered \ itl ia low

pass I lanning wvindow filter. [he cut off Frequrency of this, 11t e' i, In tho i'r.,oge of'

0.101.0.05 cycles per minute.

2). Rotation (pitch, roll and heading)

'[hle AI)(P ineasuredl cur rents: are relative to the AT)(P. which cmr h i erted arbi-

trarily and moved relative to the earth. Itisncsaytcortth ; r\I)Pa-

titude a rid mot ion. T[here are two kinds of motion that requiiire (offv iv Imt at ion

(pitch, roll and hecading) anrd t ra iida t ion (ship velocity). '[here are ni;i rx :i ax ti meca sure

rotation anrd t ra nslation . The use of onle of' thie following specificr- llrt Itn I lepernd on a

variety of factors:

4



Rotation (heading)

1. voona,

* 2. Flux-gate compass

Rotation (pitch and roll)

1. vertical gyro

2. pendulums

Translation

1. Navigation device (1 ORA\-C systeml)

2. Bottom tracking

3. Assumne a 'laser of no motion' (reference layer)

A scheme for ADlCP calibraition which may take advantage of hotlo tornI rlinig by the

A l)(P if water depth,, are not too large, is Illustrated as follows (.Io\( (c1). I c~ t( .%-'

represent the east and north velocity components as measured in tlii (\ .x (ordinate

frames and (u.v) the east andl north component-s In the true (x.Nv) coordmi, Velocity

in thle two coordinate systems is related by

or,~ /co sin 11)
(""Y sin IY ' .,

T hus thle water velocities In the true (x,\-) coordinate frame are:

t". v, + I I~ vl(di y -fvs

Where (:,u, ile water \ clocitv. (w. ile ship velocity, and o-v )1 is the D~oppler

%-elocit.. " isle s'cale factor, aInd " irs thle heading angle between fm Ii oth ;mfd ics

5



ured north direction. The water velocity (u,,.,) is further decomposed into ,(lhiore (I)

and alongshore (V) components by using a similar rotation formula:

u ,\1 c) k 4 , q 1 (3 )

where y is 313'. This coordinate svstem is shown in figure 8.

3). Other Data Collection

In addition to AI)CP and XBT data. meteorological and surkice ~oc;im ,r:iph1ic data

were collected by a Serial ASCI I Interface Loop (SAIL) sxystem. Thi' svslem monitors,

averages, and stores: ship position, speed and heading, relative wind 'peed :in direction.

air temperature, dew point temperature, sea surface salinity, sea quirficc temperature.

visible and infrared solar insolation. and sea surface skin temperature. 'Iwe data were

averaged over 30 second intervals and recorded on an TIP9826 computer.

AVIIRR imagery is being processed by the Oceanography l)epartment (if ihe Naval

Postgraduate School.

6



II. CURRENT STRUCTURE

Two flow patterns can be discerned from these surveys, a strong ;ilonhonre poleward

current (centered at 5-15 km from San (lemente Island) and two small-,calc eddics

- (further than 30 km rrom San Clemente Island). In Figure 3. AI)C(l dl \'ere missing

from station 35 to station 37. In Figure 4.i. a lot of data werc dropped du to had return

signals around 400 m depth.

1) Horizontal Current Patterns

lFigure 4 shows the vertically averaged current in Following layers 12-?1 i. 42-58 m,

92-109 m. 142-158 in. 192-208 m, 242-258 in. 292-308 m. 342-35S m ;md I92-409 m.

These were made during the First pass over San (Cemente Basin on ('ril1ie SU M: II. Re-

sults are:

(I) The poleward flow center is located I I km offshore. Strongezt c'mrrrcrr,, arc in the

12-58 in layers with flow speeds oF over 50 cm's and are located off'horc 16 km inar

320 50' N I I g 46' W From the surface to a depth of 400m.

(2) The first eddy centcr is located at 320 50' N II 8' 59' WV and the , odd% center

is located at 320 45' N II x, 5(t Wv. [he iength-scale oF these two e((fi, fks :TppTro\ima tcl

10 ki.

F~igure 6 shows the vertically averaged current in the following 1;i,, c-: I" 'R in., 42-5

m, 92-108 in. 142-158 m. 192-208 in. 242-258 m. 292-308 m. 342-158 111 aid, 1 1-408 m.

ihese were obtained during the sccond pass over San ('lemente BIa iu -I 11iiC S('BF

Figurc 5 showr the cruic track (hiring the 2nd pas. Station 42 and 01i werc in the same

location but 6 h ou ir, ,) nd slatiow, 57 and 64 are seven hous ja,rt \,,, cia tcd

with this time (iflerenc i, -hange in the direction of the mean flru :it ulc,c stations.
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The circulation measured during the second pass. figure 6.,a to 6.1. w imich dif~crcnt

from the circulation measured during the first pass, figure 4.a to figure 41 . (-Specially inl

the polewari flow area. Nevertheless, thc current flows poleward ;ti-oinglx ;it bothi timres.

2) Current Proffies

Twenty current (u~v) profiles were plotted (Figure S.a - g.t). Fach profile uonsists of I

and V components Front the sea surface to a dlepth of 400 rn over the 1S;11n Clemente

Basin, where U and V are onshore and alongshore velocity re specti~oei\

The location of these dati wvas shown ]in figure 7 w\here stations \1,I \1 Nio were

in the poleward flow area, stations Fl. 1: 2.6 represent the region of tihe tirt eddy

area, andl stations 1)1. D)2..)D represent the second eddy a rea.

(1) Figure 9.1-, shows strong aiongshore flow at station M2 of over SO1 ('111 ;t thel surface

with the velocity decreasing rapidly at about 30 rn dlepth. Stations; Wi. MI.. %l S. \46,

MR8 (figure Sxc. SAd, Se, R.C 7.11) show a strong alongshore flow pttlerl.

(2) Figure S.k and 8.1 at the center of the f-irst eddy- showed a ' oak fio\ i~ IVo In' surface

to a depth of'400 in.

(3) The mean flow pattern In the study area was shown at Fig. X.u. lime ri ont polewvard

flow velocity (15 cnm'si fromt the surface to a depth of 30 in decreasewd Pridniivl with

increase of depth to ai velocity of approximatel\, 5 cm;s at a depth ofIN mOtt. I[he mneant

offshore flow velocIty of S cm-s in) the uipper laver (decreased to I cm ; ;it ;i liepti of' 250

8



3). Sections of Onshore and Alongshore Currents

F~iguire 9 shows thc coordIinate system and the primary cruise track along im- 111ci ost

shipboard current measUremeInts were made during thc second pass over the su area

*from 4-0 September. 1989 during SCBF.-11. The coordinate origin Is a t I? -VN -1 I8'

26' W, and the Y-axis hiar, been rotated to 31 3', i.e. From a north to a novthwecst direc-

tion. The study' area is located in) the minus, X direction. Primar. hnces were qeparatcd

approximate]\, 7-8 kmi From 0 km) to 54 kmi from) southeasrt to northwest.

figure 10 shows the sect ion of onshore anud alongshore current- from the SI k-ni to the

7ero km line.

(1) The figure indicates; strong poleward current on the surface at an ofl'Ohfre dist0ance

approximately .5-10 kmi with weak flow offshore 20-30 kmn. kliiatorwnrcl current In-

creased Farther offshore becginning at a distance of 35 km. Each pimrx line fr-om north

to south displaN-, strong mecan current flow of approximately 20 cmn -. located offshore

10 km. fromn the surface to 400 ni depth.

(2) Onshore currents arc varilable. Th'le 15 km line in [ig. I 0.f shiox\, ;I "1 m onshlore

current of 15-30 cm's. [he 31 kmi and 23 kmn line also show a somiewha t imwon onshore

current, hut the 54 kmi aind 19 kin line show of~shore flow.

(3) A jet appeared in Fig. Itic to I0.h with a speed of around 35-4S; cm ,I he core of

the jet appears to accelerate and move onshore from South to Northl.

(4) Cyclon ic eddy striict urc can he f'ound From a tranitionl ;70n1 onl the I1 Linllmar

line (figureC 10,d ). [he 3') kill line (figure I .c ) con t ains opposing a Tgofi flv tows; antd

he 31 km) line onshore current. Aie 39 k ni line has uffshore flow%.

9



4). Sections of Standard Deviation of Onshore and Alongshore ('urrents

The standard deviation oF fluctuations are a measure of the varilabili' ) the current

velocity. Fluctuation in I and V about their mean values (Fig. I I.; - I I I I -hare at

Icast as large as thc mean velocity. Far from shore, the fluctuations In I ;li V are

weaker. As the coast is approche(l the fluctuation in V are stronger.

10



1V% THERMAL STRUCTURE

*Tempera tutre data wecre collected using X BT probes during the S('B1 II1 (4 6 Septemiber

1989). 74 XB*Fs wecre launched: about 60 XBTs werc dropped in thle qtti(l\ aei

D~ata reveals tile thermial structure: 1) Thei thickness Of tile Upper nhi\edI 1;1\ Of Was Vcry

shallow ( l 10m) and variced slightly, during thle SUBRE If scond pass. mnd 2) thle tern-

perature w-as between C0 C and 10' C In thc upper 400 m.

1). Section of temperature at the primary onshore and offshore line

Vertical temperature cros-sections, From the 54 kml primary line to the () kmn line arc

shown on [ig. I 2.a- I 2.h. [rom thiese plots, thle temperature stratification n'mer thle study

area Is distinct fromn surface to 30 mn depth. The S' C contour varied l oth 200ni-300rn

depth on each priar\Y 1ine.

2). Isotherm depth in the study area

F~iguire I 3.a-1I3.c are the depths of the 8'. 9'. 10' C isothertm. In figure I 1;i. the depth

of thle 30 C Isothberm showed a strong offshore temperature gradient. I i m to the

west of SCI . T[he T0 and In0 isotherms also showed an offshore tenI-erimtirc gradlient;

the gradient becamec larger when closer to SUL.

* 3). Temperature profiles

* hgures 14.1-14.2S show temperatture prolies from stationi 15-42 oni S( HI II (hiring thle

first pars o'er the st Iul\ a rca.



In Fig 15.1-15.74. temperature profiles are shown fiom station 43-74 on S( BI II dur-

ing the second pass over the study area. By comparing XBT drops hewcen the first and

second passes, 6 pairs of XBT stations were found at almost the same pca, e (stations

18-70, 25-62, 32-72, 37-57. 39-65. 41-48.)

Fig. 16 shows the comparison of temperature profiles at three statin, 17- 7 39-65,

41-48) located in thc mean flow area. The vertical profiles of tcmperat rc varied only

(< I' C) for passes 10-24 hours apart. In the eddy arca (stations 18-7() and 25-62),

mixed layer tempcratures dropped 0.5' U in the 24-48 hours between pas'e I [here was

little temperature change helow the mixed laver in the eddy regime.

Mean temperature profile in figure 17 shows a vcry shallow mixed lamei (l' then 10

m). The thermocline extends from 15 m to 50 ni depth and the temper;ttmln :,croqs the

thermocline is about Q' C. Below the thermocline temperature decrece 'mvowlv with

depth. The lapse rate in the layer below the thermocline is around ().V ( IM0 Im.

12



VI. CONCLUSIONS

Data from this report showv I) tile topographic effects on the coastal currcnts near San

Clemente Island. 2) The tile transition 7onc of the Southern Calilornia (urrent qsstem.

(I) Two different flow patterns were observed. Strong alongshore poleward (nnrthwest)

currents were (centered at 40-60 km west S(I) and small-scale edc(lie ('irther than 60

km west of S().

(2) The alongshore poleward currents intensify in the poleward direction. This

intensification can reach 300 xn depth.

(3) Two small-scale cyclonic eddies were observed during the second cruise lhcy were

located at (119' 5' W.32 ° 55' N) and (118' 53' W. 32' 47' N). The length.,cale ofthese

two eddies is approximately 10 km.

(4) The appearance of the eddies ,eween the northwestward coastal current and the

California Current offshore i believed to be due to the horiontal shear.

(5) The XBT data show that the mixed layer depth was very shallow f 10 m) ,hiring the

second cruise.

(6) File S' C isotherm thickness indicates a strong baroclinic zone (i.e ;1 01rnn across-

coastal temperature gradient). which is nearly parallel to and 10-30 kni \eN of SC!l.

(7) T he coincidence of the strong alongshore poleward currents with the haroclinic one

and the disappearance of these two systems 35 km farther from tile .( 1 rsugv,; a large

impact of the topography in the San (lemente Island regime on the oce;1nh i 11 irrent s and

thermal tructure.
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